acteristics, including microscopic morphology, catalase test, reaction in triple sugar iron agar, NAD requirement, and growth on MacConkey agar, could be helpful in distinguishing ORT from other avian pathogens, especially when used in conjunction with the commercial system discussed here.
There were variable test results for thiosulfate utilization and urease production in this study. It has been previously reported that several enzymes, including urease and arginine dihydrolase, appear to be temperature dependent in ORT, 11 which may have accounted for these variable results.
Although the cost of this system is slightly higher than that of other systems, the added benefit of a shorter identification time may make this system a viable alternative in some veterinary diagnostic laboratories. When using any commercial identification system, the identification time comes only after the initial 24-48 hours required to achieve adequate growth of the test organism.
The system does appear suitable for use in a veterinary diagnostic laboratory setting as an adjunct to the classical tests used in identification of ORT. Because of the small number of avian organisms in the current database, this system cannot be recommended as the sole means to identify ORT at this time. Microscopic morphology and supplemental biochemical tests should be used in conjunction with the biocodes generated in this study to identify ORT. 
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Evaluation of the hemagglutination-inhibition assay using a baculovirus-expressed hemagglutinin-neuraminidase protein for detection of Newcastle disease virus antibodies
Robert A. Heckert, É va Nagy
The assessment of antibody titers to Newcastle disease virus (NDV) in poultry in many laboratories is still commonly done by the hemagglutination inhibition (HI) test, although the enzyme-linked immunosorbent assay is being used extensively where a large number of samples are being analyzed. The HI test has the advantages of being easily done with little expensive or extensive equipment and is still widely used throughout the world. Traditionally, the HI test has relied upon the use of live whole virus or virus inactivated with formalin or betapropiolactone as the source of the hemagglutinin. 2 The use of inactivated virus or viral antigens in the HI test has several advantages. This virus is considered a zoonotic agent, and therefore some risks are involved when working with the live virus. [3] [4] [5] 10, 12 In a diagnostic laboratory doing virus isolation work there is always some risk of cross-contaminating diagnostic samples with live laboratory virus. In addition, there are several dis- Figure 1 . Linear regression of the log 2 titers of 256 chicken and turkey sera, as assessed by the hemagglutination inhibition assay for antibodies to Newcastle disease virus, using live virus versus a baculovirus-expressed hemagglutinin-neuraminidase NDV antigen (95% confidence and prediction intervals).
Figure 2.
Linear regression of the log 2 titers of 256 chicken and turkey sera, as assessed by the hemagglutination inhibition assay for antibodies to Newcastle disease virus, using live virus versus inactivated NDV (95% confidence and prediction intervals). tinct advantages to using an expressed antigen containing only the functional protein of interest.
Recent advances in molecular biology are now allowing many different proteins to be made in artificial systems, where the nucleic acid coding for the protein or proteins of interest of a microorganism is engineered into an expression vector that produces the protein of interest. 6, 8, 9 These expressed proteins have the advantage of being rapidly and easily produced, consistent in their nature, stable in their immunogenic and antigenic characteristics, and free of other related cellular proteins that may alter the specificity of an assay. Such expressed protein for NDV has been described. 11 The objective of this study was to determine if a binary ethylenimine (BEI)-inactivated NDV or a baculovirus expressed hemagglutinin-neuraminidase (HN) protein of NDV could be used as an antigen in the HI test instead of live NDV.
Sera (n ϭ 100) from a specific-pathogen-free chicken flock known never to have been exposed to NDV were considered known negative. Sera (n ϭ 225) also were obtained from broilers experimentally vaccinated with a killed NDV vaccine, commercial broilers, layers, and broiler-breeders (before and after immunization with killed vaccine). Sera (n ϭ 41) were also obtained from vaccinated commercial turkeys.
The nucleic acid sequences coding for the HN proteins of NDV B1 strain were inserted into a baculovirus, as previously described. 11 The recombinant baculovirus expressing the HN gene insert and wild-type baculovirus (containing no foreign gene insert) were grown in Spodoptera frugiperda cells (SF9), and the cell culture fluids were harvested at 5 days. The cell culture supernatants were used in the HI assay without any further processing.
The live virus used was NDV B1 strain grown in eggs. The material used in the HI assay was unprocessed allantoic egg fluid from infected eggs. The inactivated virus used was the infected egg fluid in which the virus had been inactivated with BEI. The procedure consisted of incubating the egg fluid with 0.01 M final concentration of BEI for 24 hours at 4 C, after which the reaction was stopped by the addition of sodium thiosulfate to a final concentration of 0.1 M, as previously described. 7 The micro-beta HI test used has been previously described. 1 Chicken erythrocytes were collected weekly and standardized by cell count. A back titration was done every time the test was performed to ensure 8 hemagglutination units/well were being used. Separate known positive and negative control sera were also assayed each time the test was performed. For acceptance of the test results, the control sera were required to be within a 2-fold dilution range of their known end point.
The NDV antibody titers for all the sera were determined using the HI test with live NDV, inactivated NDV, and recombinant virus expressed NDV antigen. The HI titers were converted to a base-2 logarithmic scale to linearize the data.
The HI test titers using the live virus were regressed on the HI test titers using the recombinant virus-expressed protein as an antigen or on the HI test titers using the inactivated virus, and the HI titers using the inactivated virus were regressed on the HI titers using the expressed antigen. The covariability of the log 2 end-point dilution titers of individual samples of serum, as assessed using the various antigens, was determined by calculating the correlation coefficients. The significance of each correlation coefficient was determined by a t-test.
Initial testing of the recombinant virus-expressed NDV protein with 10 sera known to contain NDV antibodies revealed HI test titers only with cell culture fluid in which recombinant baculovirus was grown and not with the wildtype baculovirus cell culture fluid. Analysis of the 100 known negative sera in the HI test using all 3 antigens revealed all 100 samples to be negative by all tests.
The HI assay titers using the live virus antigen regressed in a significant (P Ͻ 0.001) linear fashion on the HI test titers using the recombinant-expressed NDV antigen, inactivated NDV, and vice versa. The correlation coefficients (r) for live virus versus recombinant-expressed NDV antigen, for live virus antigen versus inactivated virus, and inactivated virus versus recombinant-expressed NDV antigen were 0.914, 0.906, and 0.919, respectively. Thus, 83.5%, (r 2 ϫ 100) of the variation in the HI test titers using the recombinant virus-expressed NDV antigen was explained by corresponding variation in the HI test titers using the live virus, 82.1% of the variation in the HI test titers using the live virus was explained by corresponding variation in the HI test titers using the inactivated virus, and 84.5% of the variation in the HI test titers using the inactivated virus was explained by corresponding variation in the HI test titers using the recombinant-expressed NDV antigen ( Figs. 1-3) .
The results of this study show that a BEI-inactivated NDV or a baculovirus-expressed NDV HN protein could be successfully used in the HI assay as an antigen to detect and titrate NDV antibodies in chicken or turkey sera. There was a high degree of correlation, over a wide range of HI titers, between the HI titers obtained with the different antigens, indicating that they could be used interchangeably.
